Abstract Objectives: To compare the safety and efficacy of bipolar transurethral plasma vaporisation (B-TUVP) as an alternative to the 'gold standard' monopolar transurethral resection of the prostate (M-TURP) for the treatment of benign prostatic hyperplasia (BPH) in a prospective randomised controlled study.
Introduction
BPH can be associated with bothersome LUTS that can affect quality of life [1] . It is the most frequent tumour requiring surgical treatment in ageing men [2] . When active intervention becomes mandatory, i.e. prostatectomy, TURP is the most widely available option in most clinical centres [3] .
New strategies intend to achieve clinical efficacy comparable to that of conventional TURP with lower intraoperative and postoperative morbidity [2] . The general morbidity of TURP has been estimated at 18% and the overall mortality rate is 0.17-0.77% [4] . One of these new strategies is bipolar vaporisation of the prostate. The supporters of this technique claim that it has the advantage of less blood loss, lesser morbidity from the effects of water absorption and TUR syndrome, and a shorter learning curve than other prostatectomy techniques. Conversely, others report that bipolar vaporisation of the prostate results in less debulking of the gland, lesser improvements in micturition parameters, and more postoperative dysuria [5, 6] .
In the shadow of this argument, we decided to compare the outcomes of bipolar transurethral vaporisation of the prostate (B-TUVP) to the standard monopolar TURP (M-TURP).
Patients and methods
After approval by our local ethics committee, this study was conducted on patients admitted to the Urology Department in Tanta University Hospital in Egypt from 1 April 2010 to the 1 January 2012 and indicated for prostatectomy.
Inclusion criteria were: patients with LUTS secondary to BOO with an IPSS of P8, low maximum urinary flow rate (Q max ) < 15 m/s, not responding to medical treatment, and/or BPH complications such as refractory retention or recurrent haematuria, and prostate size <80 mL. Patients unfit for surgery and those suspected of prostatic carcinoma were excluded from the study.
All patients were evaluated preoperatively with a full clinical assessment including IPSS, uroflowmetry and ultrasonography with post-void residual urine volume (PVR) measurement.
In all, 84 patients were initially enrolled in this study and were divided into two groups by 1:1 block randomisation. Group I included 42 patients who underwent B-TUVP, Group II also included 42 patients who underwent M-TURP. However, two patients in group I were lost during follow-up and excluded from the study (Fig. 1) .
B-TUVP/M-TURP techniques
Plasma vaporisation requires a bipolar high-frequency generator, a vaportrode and a continuous flow setup to ensure excellent visibility and sufficient elimination of vaporisation bubbles. Saline 0.9% was used as the irrigant fluid. Vaporisation was performed in a nearcontact technique (hovering technique) leaving a TURlike cavity at the end.
The monopolar generator for M-TURP was of the Berchtold type and glycine 1.5% was the irrigant fluid used. The procedures were performed using a 26-F continuous-flow resectoscope using the same surgical technique (Mauermayer technique). All procedures were performed by a single senior surgeon with extensive experience in both techniques and under spinal anaesthesia.
The primary endpoint was assessment of changes in IPSS, Q max and PVR to evaluate the efficacy of both techniques. Safety was also evaluated by assessing perioperative changes in serum Na + , K + and haematocrit (packed cell volume). These were measured before and immediately after the procedures. Intraoperative and early postoperative complications were reported as well. Moreover, patients attended a routine follow-up 1 week later and they were also evaluated at 3 and 6 months postoperatively for the evaluation of long-term improve-ment in micturition parameters and any remote postoperative complications.
Statistical analysis
Statistical analysis was conducted using the mean, standard error, t-test and Fisher's exact test by SPSS (Statistical Package for the Social Sciences) for Windows V12. Statistically significant differences were considered at P < 0.05.
Results
Indications for intervention were: LUTS that were not responding to medical treatment, in acute urine retention, and haematuria in 73 (89%), three (3.7%) and six (7.3%) patients, respectively.
Both groups had no statistically significant differences in baseline characteristics including the patients' age, prostate size, preoperative micturition and laboratory parameters, and operative time (Table 1) .
There were no cases of perioperative mortality. There was no significant difference in the complication rate between the groups. The intraoperative complications were bleeding requiring transfusion and TUR syndrome. Early postoperative complications were minor in nature e.g. UTI, clot retention and recatheterisation. As the long-term follow-up of patients should extend to P6 months, we tried to record the remote postoperative complications e.g. bladder neck obstruction (BNO), urethral stricture, and residual adenoma. Table 3 shows the details of the reported complications in both groups.
For the safety of both techniques, we measured the perioperative changes in serum Na + , serum K + and haematocrit (Table 2) .
There was a statistically significant decrease in the postoperative values of serum Na + in the patients in group II (8 mmol/L drop). Similarly and in the same group, there was a statistically significant decrease in the postoperative haematocrit (4.7% drop). Whilst, there was no statistically significant change in the perioperative serum K + values. Considering the duration and amount of postoperative catheter irrigation were used as an additional indirect indicator for the assessment of haemostasis or haemorrhagic complications. The mean amount and duration of irrigation was significantly higher in group (Table 2) . As shown in Table 2 , there were statistically significant improvements in the IPSS and Q max accompanied by significant reductions in the PVR for both groups after 6 and 12 months, especially in group II. For the magnitude of improvement, it was statistically more evident in group II and this improvement was more evident in the Q max than the IPSS and PVR (Fig. 2) .
Secondary intervention was required in four patients (10%) in group I vs two in group II (4.8%). In group I (B-TUVP arm), re-treatment comprised bladder neck incision in two patients with BNO and re-TURP for another two patients with residual adenoma. Whilst in group II (M-TURP arm), two patients developed bulbomembranous urethral strictures and visual internal urethrotomy was required.
Discussion
Treatment of BPH varies from watchful waiting to open prostatectomy. Whenever active invention becomes mandatory (prostatectomy), TURP is the most widely available option in most clinical centres [4] . In recent years, TURP has been challenged by the development of several minimally invasive procedures. The advent of bipolar technology is the latest modification of the standard TURP technique [6, 7] .
In the present study, we compared B-TUPV to M-TURP in two comparable groups of patients with BPH/benign prostatic obstruction-related LUTS, patients were randomly assigned to active treatment with B-TUVP (group I) and M-TURP (group II).
After a Medline search, we found a paucity of welldesigned studies evaluating bipolar vaporisation; only four randomised studies evaluating the bipolar vaporisation technique were reported. Ahyai et al. [8] 2010 reported that there was no statistically significant difference in the safety of both techniques. Whilst, the study of Kaya et al. [9] agreed with our present study that both techniques have similar complication rates, but that B-TUVP has a higher secondary intervention rate (12% vs 6.6%).
Early experience with TURP showed that the procedure was highly morbid, with overall morbidity and mortality rates approaching 18% [4] and 2.5% [10] , respectively. There is no doubt that recent technological advances and progression in the learning curve have transformed TURP from a morbid operation to a routine safe procedure with rapid convalescence and a marked reduction in the mortality of the procedure down to 0.1% and 11% overall morbidity [11] .
There were no perioperative mortalities in our present study. Table 3 shows the complications encountered in both groups and classifies them according to the modified Clavien-Dindo system. Despite B-TUVP having better electrolyte stability, less postoperative irrigation, and less postoperative catheterisation time, this did not translate into statistical superiority in terms of procedure safety. However, postoperative dysuria was virtually a constant feature of all B-TUVP cases, but no alteration of postoperative care was required except in four patients who failed to void after catheter removal necessitating re-catheterisation (10%). Whilst in group II, re-catheterisation was required in two patients (4.8%) due to clot retention.
In early standard TURP series, the transfusion rates approached 20% [12] , in recent series this rate has dramatically dropped to 2.9% [11] . Recently, several ex vivo studies have confirmed the superior capability of bipolar current to achieve better haemostasis through deeper coagulation and through the so called 'cut-andseal' effect of plasma produced by bipolar current [13] [14] [15] .
In our present series, complications related to blood loss were generally few. None of the patients treated with B-TUVP had either significant operative bleeding or required a transfusion, whilst two patients treated with M-TURP had intraoperative bleeding mandating transfusion (4.8%).
Perioperative changes in haematocrit were significant in group II (4.7% drop) vs 0.2% drop in group I. Also, the duration and amount of postoperative catheter irrigation were considered additional indirect parameters for assessment of haemostasis or haemorrhagic complications. M-TURP patients required larger amounts of irrigation fluid (mean 18.7 L) and also had a longer duration of postoperative catheter irrigation (mean 24.5 h) until the urine became clear, in addition, two patients, in group II, had frequent clot retention and required catheter exchange.
TUR syndrome is another critical issue, which is commonly referred to in arguments against TURP. Only one patient in the M-TURP arm developed TUR syndrome and was managed with diuretics and recovered smoothly. In earlier monopolar TUR series, TUR syndrome was reported in 2% [16] to 2.8% [17] . There has been a remarkable decline in more recent series, down to 0% to 0.8% [18] . Generally speaking, the incidence of TUR syndrome increases with a gland size of >45 g and resection times of >90 min.
A common agreement amongst individual studies comparing bipolar to monopolar current is the occurrence of TUR syndrome in the monopolar TURP arms vs none in the bipolar arms, although the difference was statistically insignificant in our present study and other studies, when data were pooled into a systemic metaanalysis, the overall difference was significant [8] . A secondary benefit of bipolar technology application is to extend the safe resection or vaporisation time, which in turn allows coping with larger glands without compromising safety of the patient.
The safety of the bipolar vaporisation technique is further confirmed by laboratory monitoring of perioperative changes in serum Na + . Falahatkar et al. [19] found that the mean (SD) perioperative drop in serum Na + was 1.7 (0.19) mmol/L. In our present series, we were unfortunately confronted with a single case of TUR syndrome in group II (2.38%) vs none in group I. Retrospective analysis of the operative notes of this patient showed a prolonged resection time and subsequent over use of irrigation fluid, both of which occurred during pursuing a bleeding prostatic sinus. Similar to published data, biochemical monitoring of perioperative changes in serum Na + showed that these changes were significant in M-TURP patients when compared to those treated with B-TUVP; an 8 mmol/L drop in the mean serum Na + level occurred in group II patients. It should be noted that different centres use variable protocols for removal of the catheter after a transurethral procedure, thus it is usually difficult to compare catheter removal with other studies. We removed catheters 24 h after the urine became clear. The mean period of catheterisation in our present series was 36.9 h and 48.3 h in groups I and II, respectively.
Re-catheterisation was required in six patients, four in group I (10%) and two in group II (4.8%).
For effectiveness, B-TUVP was comparable to M-TURP, which was maintained at the 3-and at 6-month follow-up visits.
For measurable outcome parameters, M-TURP can produce up to 10 mL/s or 165% improvement in the Q max , a 70% reduction in the IPSS, and another 70% improvement in the quality-of life scores compared with preoperative levels [8] .
In the present study, both techniques were statistically effective with a marginal superiority of M-TURP over B-TUVP. At the 3-month follow-up, group II patients had a greater reduction in the symptom score at 67.8% vs 37.4% for group I. In the subsequent 6-month follow-up visit, group II patients still had a greater overall reduction in the IPSS (70.6% vs 49.7% in group I), all differences were statistically significant in comparison to the preoperative levels.
Similarly, group II patients had a greater reduction in the PVR at the 3-month follow-up visit (82.7%) than group I patients (69.6%). This improvement was maintained at the 6-month follow-up visit.
The 3-month, improvement of Q max was 121% and 189.3% in groups I and II, respectively. At 6 months postoperatively, the Q max improvement was 122.4% vs 201% in groups I and II, respectively.
Contrary to our present results, Zhang et al. [20] concluded that B-TUVP is superior to M-TURP in terms of efficacy parameters. Conversely, a meta-analysis study evaluating B-TUVP found that its efficacy is comparable to M-TURP for IPSS and PVR improvement, whilst M-TURP is marginally superior for Q max changes [8] .
Data taken from a nationwide analysis from Austria comparing the morbidity of TURP to open prostatectomy confirms that re-operation and secondary interventional procedures for correction of long-term TURP complications (mainly bladder neck stenosis, urethral stricture and prostatic re-growth) are relatively high, approaching 2.9%, 5.8% and 7.4% at 1, 5 and 8 years, respectively. The overall incidence of a secondary endourological procedure (TURP, internal urethrotomy, bladder neck incision) within 8 years after the initial TURP is 14.7% following the initial TURP procedure [21] .
It seems that urethral stricture is a common sequela to any transurethral procedure. The urethral stricture rates following M-TURP and B-TUVP are 4% and 2%, respectively [8] . As these figures are nearly comparable, we believe that factors other than the type of the current used are responsible, for instance; the overall manoeuvre time, the size, and the insulation of the working instruments. On the other hand, a complication such as bladder neck stenosis is probably related to excessive cauterisation and dissemination of heat. Bladder neck stenosis after M-TURP and B-TUVP occur in 2% and 0.5%, respectively. Surprisingly, the risk of bladder neck stenosis is more than double (5%) after treatment with a potassium titanyl phosphate (KTP) laser [8] .
The longest published follow-up period after bipolar vaporisation does not extend beyond 3 years [22] . The re-treatment and secondary intervention rate after B-TUVP is 2.4% [23] .
In our present series, the follow-up of our patients extended up to 6 months after the initial procedure. The successful results reported at the 3-month visit were also maintained at 6 months.
The long-term complications and secondary intervention rates were 10% and 4.76% in groups I and II, respectively, which was not statistically significant.
Another point that should be considered is that B-TUVP does not provide a tissue specimen for histopathology, which can mean that prostate cancer is missed in 1.4% of cases [24, 25] .
Limitations of the present study are a lack of longterm reporting (>6 months) and financial assessment. Also, sexual function, postoperative prostate volume, and PSA level reduction should have been evaluated. Post hoc analysis showed a relatively low study power (60%), thus further well-designed studies are needed to consolidate our present results.
Conclusion
In the present study, B-TUVP did not prove to be superior to standard M-TURP, with both techniques having comparable safety and efficacy. However, the lack of a tissue specimen and postoperative irritative LUTS are clear disadvantages of the B-TUVP technique. B-TUVP is a safe and effective alternative, but M-TURP can still defend its position.
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